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from the earliest days of civilization. Vermiculite is a class of natural 2:1 type layered clay mineral; which is relatively cheap, widely available and eco-friendly [9] , and has mostly been used as a low-cost material for construction, refractory, soil amendment and so on. Typically, it contains 5-20 % water between interlayer spaces as well as among particles, giving an unusual expandable property [10] . When vermiculite is heated, the water located between interlayers transforms into steam, which in turn separates the interlayers and causes cracking of vermiculite flakes; and the resulting product is named as expanded or exfoliated vermiculite (EV). EV possesses many remarkable physical and chemical properties, including a highly developed porous structure, low bulk of density, good chemical stability, high cation exchangeable capacity, and high heat insulation [11, 12] . Therefore, it has been considered as a low-cost adsorbent candidate to remove various types of contaminants from water resources [13, 14] .
Phosphate is regarded as one of important nutrient elements to support the growth of biological organisms in aquatic environment. However, the presence of excessive phosphate in water body induces eutrophication, which causes the overgrowth of algae, lack of dissolved oxygen, reduction of water quality, and depopulation of aquatic animals. Therefore, a great deal of effort has been devoted toward the development of various adsorbents to reduce and control the concentration of phosphate in wastewater via adsorption mechanism [15, 16] . The use of natural clays as phosphate adsorbents has been studied in recent years [17, 18] , but always limited by their low adsorption capacity to phosphate ions. Studies have revealed that metal doping or deposition is an effective way to enhance the phosphate adsorption capacities of adsorbents [15] . In particular, as compared to calcium, aluminum or iron, lanthanum-modified adsorbents show several promising advantages in phosphate removal, such as a superior adsorption capacity, wide operating pH range, and high removal rate in low phosphate concentration [19, 20] . To date, there have been a number of studies reported on the phosphate adsorption performances of lanthanum-modified clays. For instance, in Yuan's work, the phosphate adsorption ratios of fourteen types of LaCl 3 -modified clays, including argil, pumice, attapulgite, kaolinite, etc., ranged from 93 % to 99 %, which were around 6 % -37 % greater than those of unmodified clays [18] . Li and co-workers reported that the adsorption capacity of the vesuvianite modified with a La/Ves mass ratio of 0.16 (1.30 mg P/g) was around 3.6 times greater than that of undoped vesuvianite (0.28 mg P/g) [17] . The commercial product Phoslock TM , which is made of lanthanum-modified bentonite, has been investigated and utilized for practical wastewater treatment. It could effectively remove 98 % of phosphate from real wastewater in field tests [21] . However, until now, there is no study with respect to the removal of phosphate with the utilization of lanthanum-modified exfoliated vermiculite (EV).
Our previous study has found that the synthesized La 2 O 3 was chemically unstable and completely transformed to La(OH) 3 when exposed to air at ambient temperature [22] , which is in a good agreement with literature, that this oxide material rapidly hydroxylated to form a stable hydroxide [23] . More interestingly, the formed La(OH) 3 showed an excellent phosphate adsorption performance with the maximum adsorption capacity of 57.8 mg P/g, estimated via the Langmuir model [22] . Therefore, the objective of our work is to modify EV by La(OH) 3 and investigate its use for phosphate removal in batch tests, which to the best of our knowledge is reported for the first time. Herein, it is expected that the La(OH) 3 -modified EV possesses a superior adsorption capacity and fast removal rate, which will be a highly efficient adsorbent for removing phosphate. In this paper, the fabrication, characterization and batch studies of phosphate adsorption-desorption of La(OH) 3 -modified EV are detailed.
Materials and methods

Preparation of La(OH) 3 -modified EV
Exfoliated vermiculite (EV) fine particles used in this study were collected from Xinjiang Uygur Autonomous Region of the People's Republic of China, which possess a cation-exchange capacity (CEC) of 112 meq/100g. The original EV was simply treated before use [24] . Firstly, after being screened through a 325 mesh (44 µm), EV was mixed and stirred with deionised (DI) water for 4 h to remove soluble salts.
The solid was separated and dried in oven at 80 °C for 12 h; which was then stored at room temperature in a sealed bottle before use.
The La(OH) 3 -modified EV samples were prepared based on literature [25] . 
Material characterization
Surface morphologies and compositions of samples were examined by scanning electron microscopy (SEM, JSM-7401F, JEOL Ltd., Japan) and energy dispersive spectroscopy (EDS, Horiba EX-250, Japan).
X-ray powder diffraction (XRD) patters were recorded in the 2θ range of 0.6-6 ° at a scan speed of 1 °/min by using a diffractometer (Bruker D8 Advance diffractometer, Germany) with Cu Kα radiation (40 mA, 45 kV). Nitrogen adsorption-desorption isotherms were measured at 77 K using ASAP 2010 (Micromeritics Inc., USA). Prior to analysis, the samples were degassed at 120 °C for 12 h under vacuum. The specific surface area (S BET ) was determined from the linear part of the BET plot (P/P 0 = 0.05-0.20). The pore size (d) was calculated from the adsorption branch of isotherm by using Barrett-Joyner-Hallenda (BJH). The total pore volume (V total ) was evaluated from the adsorbed nitrogen amount at a relative pressure 0.98.
Transmission electron microscopy (TEM, JEM2010-HR) and selected area electron diffraction (SAED)
were used to characterize the sample at an accelerating voltage of 200 kV. The sample was firstly dispersed in ethanol via sonication and then was collected with a carbon copper grid for TEM characterization.
Phosphate adsorption experiment
A series of batch tests were conducted to investigate the phosphate adsorption performances of parent EV 
where C 0 and C t are the phosphate concentrations in solution at initial and different time periods (mg P/L), respectively; V is the volume of solution (L) and m is the mass of adsorbent (g).
In order to analyze the kinetic mechanism of adsorption process, the experimental data were fitted in the pseudo-first-order, pseudo-second-order, and intra-particle diffusion models which are described as Eqs. (2) [3, 26, 27] , (3) [3, 28, 29] and (4) [30] :
Pseudo second-order equation:
Intra-particle diffusion equation:
where q t and q e are the amount of phosphate adsorbed over a given period of time t (mg P/g) and at equilibrium (mg P/g), respectively; t is the adsorption time (h); k 1 (1/h), k 2 (g/mg/h), and k di (mg/g/h 1/2 ) are the adsorption rate constant of the pseudo-first-order adsorption, the pseudo-second-order adsorption and the intra-particle diffusion, respectively; and C i (mg/g) is a constant in the intra-particle diffusion equation, corresponding to the thickness of boundary layer.
In equilibrium experiments, 0.050 g of the adsorbent was added into 50. 
where C 0 and C e are the initial and equilibrium phosphate concentrations in solution (mg P/L), respectively; V is the volume of solution (L) and m is the mass of adsorbent (g).
The equilibrium data were fitted to the Langmuir, Freundlich and Dubinin-Radushkevich isotherm models, and their equations were shown as Eqs. (6) - (9) [31] [32] [33] , respectively,
Freundlich model:
Dubinin-Radushkevich model:
where C e is the concentration of phosphate solution at equilibrium (mg P/L); q e is the corresponding adsorption capacity (mg P/g); q m (mg/g), K F (mg/g) and q s (mg/g) are the constants in the Langmuir,
Freundlich and Dubinin-Radushkevich isotherm models which are related to adsorption capacity, respectively; K L (L/mg) is the constant in Langmuir isotherm model related to energy or net enthalpy of adsorption; n is the constant in the Freundlich isotherm model which measures the adsorption intensity;
is the constant in Dubinin-Radushkevich isotherm model related to the mean free energy of adsorption; R (J/mol K) is the gas constant; and T (K) is the absolute temperature.
The essential characteristics of the Langmuir equation can be expressed in terms of a dimensionless separation factor or equilibrium parameter, R L , as defined in Eq. 10:
where C 0 is the highest initial phosphate concentration (mg P/L) and K L is the Langmuir's adsorption constant (L/mg).
Three thermodynamic parameters, i.e. change in the Gibbs free energy (∆G°), enthalpy (∆H°) and entropy (∆S°), were calculated to evaluate the thermodynamic feasibility and the nature of the adsorption process.
∆G° can be calculated according to the following Eq.: (11) where R is the gas constant (8.314 J/mol/K), T is the temperature (K), and K d is the thermodynamic equilibrium constant of the adsorption process, reflecting phosphate distribution between the solid and liquid phases at equilibrium. The constant K d can be calculated from Langmuir equilibrium constant, and
Eq. (11) can be expressed in terms of Langmuir equilibrium constant, b (L/mol) [34] :
The values of ∆H° and ∆S° can be evaluated using Van't Hoff equation as follows: (13) By combing Eqs. (11) - (13), the following Eq. can be obtained:
Thus, the slope and intercept of the linear plot of ln(b) vs. 1/T can be used to determine the values of ∆H° and ∆S°.
To investigate the effect of pH on the phosphate adsorption capacities, 0.050 g of the adsorbent was added The phosphate removal performance of adsorbent in synthetic secondary treated wastewater was also studied, which was prepared according to the reference [35] , with the respective carbon (as COD), nitrogen (N), and phosphate (P) concentrations of 100 mg/L, 12 mg/L, and 2 mg/L, respectively. D-glucose, urea, and potassium phosphate were used as C, N, and P sources. The % of phosphate removal after adsorption was calculated by Eq. (15):
where C 0 and C e are the phosphate concentrations (mg P/L) in the initial solution and filtrate, respectively.
A desorption kinetic study was carried out to investigate the capacity of spent adsorbent's regeneration.
First of all, 0.10 g of the adsorbent was placed in 100.0 mL of 100 mg P/L phosphate solution for 48 h.
After the adsorption−desorption equilibrium reached, the spent adsorbent was collected by centrifugation, washed carefully with DI water to remove any unadsorbed phosphate, and then mixed with 100.0 mL of 0.10 M NaOH solution. 2.0 mL of suspension was taken out, filtered and analyzed over a given period of time t. The phosphate desorption ratio was estimated by, (16) where C t is the phosphate concentration in filtrate over a given period of time (mg P/L); q e is the adsorbed phosphate amount on the spent adsorbent at the adsorption−desorption equilibrium (mg P/g); V is the volume of NaOH solution (L) and m is the mass of spent adsorbent (g), respectively.
The reusability of an adsorbent is economically important to evaluate its practical feasibility; thus phosphate adsorption-desorption cycles with the use of La 5 EV were conducted. Firstly, 0.050 g of La 5 EV was added into 50.0 mL of 20 mg P/L phosphate solution for 24 h. After that, the spent adsorbent was collected by centrifugation and treated with 50.0 mL of 0.1 M NaOH solution at room temperature for 24 h.
The final regenerated adsorbent was collected by centrifugation, washed with DI water and dried at 110 °C.
Results and discussion
The adsorption capacities of phosphate removal at equilibrium in 50 mg P/L solution by using EV and La-modified EV adsorbents are showed in Fig. 1 . It clearly shows that all of the modified EV adsorbents possess higher phosphate removal capacities, as compared to that of EV (2.65 mg P/g). Furthermore, the phosphate uptake capacities increase from La 0.63 EV to La 10 EV; which is attributed to the greater La Herein, it is noted that the successive increase of phosphate adsorption capacity is dramatic, >50 %, from La 0.63 EV to La 5 EV; however, followed by a limited increase (~10 %) for La 10 EV. Furthermore, the molar ratio of adsorbed P versus La in La 10 EV (expressed as P/La), which is commonly utilized to evaluate the efficiency of La usage [36] [37] [38] , is only 0.85 indicating a low efficiency of La usage. Therefore, we selected the adsorbent La 5 EV for further study on its phosphate adsorption performance. , and Er 3+ [40] . Most importantly, in the XRD pattern of La 5 EV (Fig. 2 (Fig. 3a) , which is consistent with that reported in literature [41] . La 5 EV shows a similar lamellar morphology to that of EV; however, the surface of La 5 EV seems rougher ( Fig. 3b) . At a high magnification, it clearly shows that the lamellar surface of La 5 EV is covered by a large number of rod-like particles (Fig. 3c ). In addition, there are some small flakes observed on the surface of La 5 EV (Fig. 3c ). This may be attributed to the partial delamination of EV layers, after the La 3+ exchange with interlayered cations [42] . In Fig. 3d , La(OH) 3 exhibits a morphology of nanorods with a diameter of 10 nm and a length of 80 nm. As pointed by the arrow in the TEM image, EV possesses an interlayer structure with the spacing of 1-2 nm, which is similar to the finding in literature [43] .
Characterization of EV and La 5 EV
X-ray diffraction
SEM and TEM
Furthermore, the interlayer spacing observed in the TEM image is well agreed with our aforementioned result, d = 1.47 nm, which is obtained from XRD results (Fig. 2) using the Bragg equation. The SAED pattern of La(OH) 3 (the inset of Fig. 3d ) indicates the ring pattern, which is due to the polycrystalline nature of La(OH) 3 nanorods formed on EV. exchange into interlayer spaces as well as the deposition of polycrystalline La(OH) 3 on EV surfaces, as characterized by XRD (Fig. 2 ), SEM and TEM (Fig. 3) . Moreover, the previous study has proven that the La 3+ ions, which are adsorbed on the vermiculite interlayer surfaces, are able to be hydrolyzed to form hydrated lanthanum; thus reducing their charges to make the neutralization more effective and increasing the adsorption of La 3+ in excess of the theoretical cation exchange capacity (CEC) of vermiculite [40] . 
Chemical compositions
BET specific surface area
The N 2 adsorption-desorption isotherms of EV and La 5 EV, and their corresponding BJH pore size distribution plots are shown in Fig. S1 (Supporting Information). In Table 1 with EV, which are expected to benefit the phosphate adsorption process [44] . This strucutal change can be explained by the partial delamination of EV layers after the exchange of La 3+ with interlayered cations.
Moreover, the deposition of La(OH) 3 nanorods on the surfaces of EV may contribute to the evident increase of external superficial area in La 5 EV.
Phosphate adsorption
Phosphate adsorption kinetics
The adsorption kinetic study by using La 5 EV in the solution with different initial P concentrations, e.g. 20 mg P/L, 50 mg P/L and 80 mg P/L, respectively, is shown in Fig 4a. For comparison, the investigation on the phosphate adsorption by using EV in 20 mg P/L solution is included in Fig. 4a In order to further study the phosphate adsorption of La 5 EV, the kinetic data recorded in the phosphate solution with different initial concentrations are fitted into both of the pseudo-first-order and pseudo-second-order models (Fig. 4b-c) ; and the corresponding parameters and correlation coefficients are listed in Table 2 . The results are found to better match with the pseudo-second-order model (R 2 > 0.99) rather than the pseudo-first-order model (R 2 > 0.90), suggesting the adsorption process be chemisorption.
Similar results were observed in the phosphate adsorption onto other lanthanum-modified adsorbents, such as lanthanum-loaded granular ceramic [45] , lanthanum-doped mesoporous silicates [46] , and lanthanum-treated lignocellulosic sorbents [36] . In particular, the rate constants (k) derived from the adsorption kinetic data by using La 5 EV in the solution with initial concentrations of 20 mg P/L, 50 mg P/L and 80 mg P/L are 0.105 g/mg/h, 0.0416 g/mg/h and 0.00366 g/mg/h, respectively. It reveals that the La 5 EV adsorbent possesses a faster removal rate at a lower concentration, thus shorter time is required for the equilibrium. As seen in Fig. 4a , in 20 mg P/L solution, the adsorption equilibrium reaches within 12 h; whereas in 50 mg P/L solution and 80 mg P/L solution, the equilibrium is observed after 24 h and 30 h.
To elucidate the diffusion mechanism and investigate whether any intra-particle diffusion is the rate limiting factor in the adsorption process, the intra-particle diffusion model (Eq. 4) was taken into account. concentrations. If the intra-particle diffusion is rate-limited, the plots of q t versus t 1/2 would result in a linear relationship. The slope of the linearized plot characterizes the rate parameter of intra-particle diffusion; whilst the intercept is proportional to the thickness of boundary layer (film) [47] . If the value of C i constant in the intra-particle diffusion equation is zero, the adsorption rate is governed by intra-particle diffusion in the whole adsorption process. In general, the plot of q t against t 1/2 is not linear over the entire time range and shows more than one linear portions [48] . This model is useful when a multi-step process is expected to work. As seen in Fig. 4d , the linear fit of intra-particle diffusion model shows three linear portions, indicating the multi-stage adsorption processes [5, 48, 49] . Each step is able to be identified by a change in the slope of the linear line which is used to fit the experimental data. The first region is caused by the external surface adsorption or instantaneous adsorption which is driven by the initial phosphate concentration differences. The second linear portion is the gradual adsorption stage in which the intra-particle diffusion is the rate-limiting step. The third part is the final equilibrium stage in which the intra-particle diffusion slows down ascribed to the low concentration of residual phosphate in the solution [48, 49] . The diffusion parameters of each portion are shown in Table 2 . The values of C i increase with the increase of initial phosphate concentration, indicating greater boundary layer (film) effect in higher initial phosphate concentration [49, 50] . Meanwhile, our results show that K d1 , K d2 , and K d3 increase with increasing initial phosphate concentration in solution, which is probably attributed to the higher concentration gradient induced by the greater initial concentration [5] . At the same initial phosphate concentration, the value of K d2 is dramatically greater than that of K d3 , suggesting that boundary layer (film) diffusion control the process of adsorption [49] .
Phosphate adsorption isotherms
To further evaluate the phosphate adsorption capacity, Fig lanthanum-modified bentonite [21] , lanthanum-doped vesuvianite [17] , and lanthanum-loaded orange waste [51] . As shown in Table 3 , the maximum adsorption capacities (q m ) estimated by the Langmuir model are 79.6 mg P/g, 75.8 mg P/g, 69.8 mg P/g and 49.6 mg P/g, at 25 °C, 30 °C, 35 °C, and 45 °C, respectively, which show that the nature of the adsorption process is exothermic. Moreover, the factor R L can be used to determine the favorability of an adsorption process; that the adsorption is favorable with a value of 0<R L <1.0 [52] . In Table 3 , all of R L values at different temperatures fall within the range of 0 ̶ 1.0, suggesting that the phosphate adsorption onto La 5 EV be favorable. 
Thermodynamic study
In our study, three important thermodynamic parameters, ∆G°, ∆H° and ∆S°, are taken into account to determine the spontaneous nature of the processes. Fig. 6 shows the linear plot of ln(q e /C e ) vs. 1/T, and the obtained thermodynamic parameters are given in Table 4 . ∆G° indicates the degree of spontaneity of the sorption process. Generally, ∆G° values between −20 kJ/mol and 0 kJ/mol suggests a physisorption process; whilst ∆G° values in range of −80 kJ/mol to −400 kJ/mol suggests a chemisorption process [53] .
In Table 4 , the values of ∆G° are negative at different temperatures, revealing the favorable and spontaneous nature of phosphate adsorption onto La 5 EV. Moreover, there is an increase of ∆G° from −30.52 kJ/mol to −26.69 kJ/mol when the temperature is changed from 25 °C to 45 °C, indicating the decreases of spontaneity at higher temperatures. Herein, the values of ∆G° are neither within the ranges of ∆G° in physisorption nor chemisorption process; however, they seem more close to the values of ∆G° in a physisorption process. It is likely that in addition to physisorption, some other mechanisms may be involved, i.e. electrostatic interaction and ligand exchange, which have also been reported in the use of phosphate adsorbents containing metal hydroxides or oxides [54] [55] [56] . In Table 4 , the negative value of ∆H° confirms the exothermic nature of phosphate adsorption [57] . This is in accordance with the aforementioned result depicted by the isotherms (Fig. 5 and Table 3 ); that the adsorption capacity decreases with increasing temperature. The negative value of ∆S° indicates the decrease in randomness during the adsorption process. ; ;
The effect of pH
The dissociation constants for those reactions are pK a1 = 2.15, pK a2 = 7.20 and pK a3 = 12.33, respectively.
When the pH value is between 2.15 and 7.20, the main species in solution is monovalent H 2 PO 4 − .
Meanwhile, lanthanum is most likely present in its protonated form of La(OH) 2 + [58] . The high adsorption capacity ( Fig. 7) , observed in the pH range of 3.0-7.0, indicates that the lanthanum deposited on the La 5 EV surface works as an active site, providing a great affinity to the monovalent phosphate species (H 2 PO 4 − ) [59] . H 2 PO 4 − may further exchange with hydroxyl groups arising from La(OH) 2 + species, which causes the release of OH − to the solution; such a similar ligand exchange mechanism has also been speculated for the use of other La-modified adsorbents in literature [45, 60] . This is further evidenced by monitoring the pH change of solution during the adsorption process (as shown in Fig. S2 ; Supporting Information). The initial pH of prepared KH 2 PO 4 solution (20 mg P/L) is 5.47. After adding La 5 EV, the pH value gradually increases to 10.23 after 12 h, when the equilibrium is reached in the solution with an initial phosphate concentration of 20 mg P/L according to the finding in our kinetic study (Fig. 4a) ; and maintains at 10.23
for another 36 h. Herein, the increasing pH value could be attributed to the basic nature of La(OH) 3 and the release of OH − after the ligand exchange between phosphate species and hydroxyl groups arising from the adsorbent.
The other possible mechanism to explain the high phosphate adsorption at a low pH value is that the presence of a large number of H + ions in the solution may induce the formation of protonated vermiculite surfaces, favoring the electrostatic attraction to the phosphate species H 2 PO 4 − ; herein an example of reaction is shown.
When the pH increases from 7.20 to 11.0, the predominant species of phosphate is HPO 4 2− . There is a dramatic decrease of adsorption capacity observed at pH > 7.0 (Fig. 7) , probably ascribed to the more negative charges on the adsorbent surface with the deprotonation of active sites as well as the competitive adsorption between HPO 4 2− and increasing amounts of OH − . Moreover, as seen in Fig. S2 
The effect of coexisting anions
Removal of phosphate from synthetic secondary treated wastewater
In order to prevent eutrophication, the typical discharge standard of phosphate is normally less than 2 mg P/L, despite it may slightly vary among different countries and locations [19, 61] . More recently, in order to achieve a truly healthy river, there is a need for wastewater facilities to meet a very low phosphate limit, e.g. the discharge level of 50 µg P/L or less [62] . Herein, to study the practical feasibility of our fabricated La 5 EV, we conducted an adsorption test in the synthetic secondary treated wastewater, with an initial phosphate (P) concentration of 2 mg P/L, respective carbon (as COD) of 100 mg/L and nitrogen (N) of 12 mg/L. In Fig. 9 , 97.9 % of the final adsorption capacity of La 5 EV reaches in the first 10 min, suggesting that the phosphate removal rate be dramatically fast. Afterwards, the whole adsorption process reaches the equilibrium in 1 h and almost 99.5 % of the initial P in the synthetic wastewater is removed. The residual phosphate concentration is reduced to 12 µ g P/L (the inset in Fig. 9 ), which satisfies the stringent phosphate discharge limit, 50 µ g P/L [62] . Our experimental data suggest that the La 5 EV show great potential as a highly efficient and fast adsorbent for phosphate removal.
Adsorption-desorption cycle studies
To evaluate the regeneration ability, the desorption study on the spent adsorbent La 5 EV is performed in 0.10 M NaOH solution ( Fig. 3b) , suggesting the stable attachment of La(OH) 3 particles after adsorption and desorption tests. The adsorption capacity of fresh La 5 EV in the 1 st cycle is 19.72 mg P/g (Fig. 10) . By using the regenerated La 5 EV in the 2 nd adsorption-desorption cycle, the adsorption capacity is 17.45 mg P/g, which is approximately 88.5 % in relative to that of fresh La 5 EV recorded in the 1 st cycle. This successively slight decline of adsorption capacity by using our regenerated adsorbent is also observed in the 3 rd adsorption-desorption cycle. By taking into account of ~ 88.5 % desorption ratio of spent La 5 EV within 24 h (Fig. S3) , the decreasing adsorption capability observed in the adsorption-desorption cycle studies may be attributed to the incomplete desorption of adsorbed phosphate during regeneration. Nevertheless, more than 70 % of phosphate adsorption capacity is still achieved in the 3 rd cycle.
Based on our results reported herein, the newly developed lanthanum-modified EV adsorbent endows a superior phosphate adsorption capacity, coupled with relatively good regeneration ability; thus exhibiting great practical potential. The investigation and optimization on the adsorption-desorption performances of this adsorbent in continuously dynamic column tests will be our next research foci; which is expected to provide valuable information for its future practical utilization in wastewater treatment.
Conclusion
We have successfully synthesized a series of La(OH) 3 -modified exfoliated vermiculites and utilized them to remove phosphate for the first time. In particular, the La 5 EV adsorbent, synthesized in the solution with a La/EV ratio of 5.00 mmol/g, showed a dramatically greater phosphate adsorption capacity, as compared with unmodified exfoliated vermiculite (EV). The underlying adsorption kinetics followed the pseudo-second-order kinetic model and the equilibrium data were well described by the Langmuir Tables: Table 1 . Chemical composition (wt %) and structure property of EV and La 5 EV . Table 2 . The pseudo-first-order, pseudo-second-order and intra-particle diffusion model constants and correlation coefficient by using La 5 EV in the phosphate solution of different initial concentrations (20 mg P/L, 50 mg P/L and 80 mg P/L). 
